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A liiefliod and ^paratus for detamining a pose of an inq)Iant 

'2. 2002 
® 

BACKGROUND OF THE INVENTION 

The invaition relates to a method for determining a pose of an implant object 
that IS located inside a human or animal body on the basis of a CAD model of that implant 
object through a leconstmction X-ray procedure, that for each measurement configuration 
finds a pair of alternative poses that are symmetrical with respect to said n-dimensional 
stnicture and findmg a matching pose in each pair as has been recited in the preamble of 
Claim 1. The detemiining of ^pose, that is an abbreviation of position plus orientation of 
such inq,lant object, is inter alia relevant for the purpose of checking the actual quality of the 
implant. For example, through wear, loosening or worse, this actual quaUty may have 
deteriorated to such effect that additional measures would be mandatory. Now, when such 
CAD model of the implant object is known, the pose of the implant with respect to an X-Ray 
nnaging plane can be estimated. This imaging plane can for example be an X-R^ fihn or a 
sensing plane of an image intensifier device. 

In many cases, the solution so determined for the pose is unique. However in 
the case that the implant has a particular degree of symmetry, the solution is not necessar^y 
umque. Relevant cases of such symmetry are minor symmetry, such as is the case for certain 
artificial junctions, and rotation symmetry, such as for various implant objects used inside 
bloodvessels and the like, and also, more or less ^Wd" elements such as the "head" of an 
artificial hip joint. Other degrees of symmetry, such as triple (120<') or fourfold (two mirror 

planesat90«withrespecttoeachother)arelessrelevant,butcouldbeapplicableincertain 
cmnmistances as well The inventor has recognized that in case of a mirror symmetry the 
"shadow" of the object would be invariant under a mirroring transform of the implant object 
The real cause of the problem is that a narrow-beam-generated X-Ray image will not be able 
to discrmiinate closer parts of the object ftom parts further away. 

Prior art has afready recognized the problem of determming the pose of an 
implant, to which United States Patent US-A.5,676.146 cites the solution of introducing a 
radiopaque marker element inside the implant, which marker element of course could be 
given any suitable sh^e. Such marker element may be a good solution for implants that 
themselves cause only sUght absorption of X-Rays such as various organic resins, but for 
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substances like stainless steel, the marker element would then usually be practically invisible. 
The usage of still heavier metals inside the implant in a shape without the symmetry would 
represent an overly complicated technology. 

Furthermore, the inventor has recognized that earlier X-Ray methods have 
5 used two X-Rays with parallel detectors; however, the relation between efifort involved and 
resulting quality has generally been unsatisfactory. In consequence, the inventor has 
recognized that there should be an improved method that requires relatively brief 
measurements only, and would rely on data processing propcedures for still attaining 
sufficient levels of accuracy and reliability. 

10 

SUMMARY TO THE INVENTION 

M consequence, amongst other things, it is an object of the present invention 
to provide a method for determining the pose of such implant that has a particular degree of 
symmetry, without necessitating specific shaping or manufacturing of the implant itself, but 

15 by relying on data processing procedures ttiat have been taylored to the specific technical 

shape of the implant in question. Now therefore, according to one of its aspects, the invention 
is characterized according to the characterizing part of Claim 1. The ^-dimensional structure 
of symmetry may be an axis of rotary symmetry, a mirror plane for mirror symmetry, or a 
combination of the above in case of multiple symmetry. 

20 The invention also relates to an apparatus bemg arranged for implementing the 

method as claimed in Claim 1. Further advantageous aspects of the invention are recited in 
dependent Claims. 

BRIEF DESCRIPTION OF THE DRAWING 
25 These and further features, aspects and advantages of the invention will be 

discussed more in detail hereinafter with reference to the disclosure of preferred 
OTibodimrats of the invention, and m particular with reference to the appended Figures that 
illustrate: 

Figures 1 and 2, overall measuring arrangements for a single source position 
30 witti respect to a mirror-symmetric implant object 26; 

Figure 3, an overall measuring arrangement for dual source positions with 
respect to the minor-symmetric implant object 26; 

Figures 4 and 5, overall measuring arrangements for a single source position 
with respect to a rotary-symmetric implant object 66; 
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Figure 6, an ov«all measuring aixangement for dual source positions with 
respect to the rotary symmetric implant of Figures 4, 5; 

Figure 7, a flow chart embodiment of the procedures according to the 

invention. 

GENERAL CONSIDERATIONS FOR THE INVENTION 

^^^^y'*^«P°«itionandoiientationorposeofaninq,lantwithrespec^ 

X-Raymiagingplane, such asafihn or an image intensifier can be estimated by combi^^ 
CAD model of that implant with the projection image actuaUy generated. However in 

various situations where the implant hasacertain degree of symmetry,theoriento^^^ 
found may become undetermined, because there exists a further projection with an alternative 

orientation or pose that closely resembles Ihe proj ection relating to the ori^^ 
pose. Ih case ofapaxBnel,,r^y.crf.«, the two implant poses may even yield i^^^^ 
m practice, if the size of the implant is small relative to the somce-image distance of the X- ' 
Rays, theprojection can bea/ywj*r/w«/erfbyaparallel projection. 

Now, when the orientation of a symmetrical implant is estimated fiom an X- 
Ray miage, the following alternative hypothesis wiU be calculated: 
for a rotary symmetric model or implant, the symmetry axis is mirrored in a plane that is 
perpendicular to the viewing direction in order to obtaine the second, matching ori^^^^ 

Foraminor symmetric model or implant, the nomxalofthesymmetryplane is mirrored with 
respect to the viewing direction in order to obtain the second, matching orientation. 

During a translation reconstruction run. successive overlapping images are 

recorded and the implant WiU therefore show on pluial successive images. In these ima^ 
botix the original implant orientation and also its alternative can be computed. Because of &e 

rnutual shifts between the images, the viewing direction WiU change sUghfly.just as WiU ti« 
alternative orientations. However, the "actual" orientation remains ti.e same between 

successiveimagesbecausethereisonlyatranslationandnorotationbetweensucce^^^^ 
images during the run. 

30 DBTAIIfDDESCRlraON OF PREFERRED EMBODBlBms 

I%u» 1 and 2 iUustrate r«p««ive overan mo^rmg anangBmente for a 
™gIesaurceposiflonwittrespecttoamta^.^eWcin,l.a„yect26.1nHgurel 

aom,d axis 24, towa.* a„ fapto, 26. ^ ^ ^ ^ ^^^^ 



20 



25 



PHNL021264EPP 



4 12.12.2002 
object 26 to appear on detector imaging plane 28. Note that the detection proper has a two- 
dimensional organization, so that in effect a two-dimensional shadow will be detected, such 
as by an array of grey values. Now, the implant object 26 itself has been indicated in gray, 
and has a substantially flat and mirror symmetric shape. The thickness of this flat shape has 
5 been suggested by adding a shaded side in black. For objects with an appreciable thickness, 
the procedures recited hereinafter would remain the same. The noimal to the mirror plane of 
flat sbapo 30 forms an angle + tt with respect to the axis 24 of the X-Ray beam. The mirror 
plane itself has not been indicated, but it would be clear that axis 24 is not perpendicular to 
this mirror plane. If axis 24 would be perpendicular indeed, the problem considered here 

10 would not be present. 

In Figure 2, the relative orientation of implant object 26 has been mirrored 
with respect to the beam axis 24, the nomial of the mirror plane now beiag labeled 31. The 
new orientation of the normal translates also into a changed appearance of the black shade of 
the implant object, and into a new projected angle of — Of between normal 3 1 and axis 24. 

15 Due to the substantially parallel orientation of the X-Rays near the relatively small implant, 
the two shadows 32, 33 will be substantially identical. The inventor has.recognized that this 
will render a determination of the pose of implant object 26, even as being based on the CAD 
model thereof and just one of these two orientations, either impossible or at least inaccurate. 
In fact, the outcome would readily produce either one of these two orientations as a result. 

20 Figure 3 illustrates an overall measuring arrangement for dual source positions 

36, 38, with respect to the mirror-symmetric implant object 26 that has again been shown in 
the position of Figure 1, together with its real normal 30. First source position 36 will 
produce shadow 44 on detector plane 28b, and lead to concluding of either real normal 30, or 
rather to concluding mirrored normal 42 of the implant object, again restricting to only the 

25 angle conoponent in the plane of the Figure. The two orientations lie at angles ± 0 with 

respect to line 48 tiiat connects the origin 36 of the source with roughly the center of gravity 
of shadow 44. Likewise, second source position 38 will produce shadow 46 on detector plane 
28b, and lead to concluding of eitiier real normal 30, or rather to concluding mirrored normal 
40 of the implant object, again restricting as discussed above. The two orientations lie at 

30 angles ± y with respect to line 50 that coimects the origin 38 of the source with roughly the 
center of gravity of shadow 46. The above leads to unison among the two predicted poses of 
implant object 26. The person skilled in the art will know how to select a suitable 
displacement between source positions 36 and 38. A small value for the displacCTient will 
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cause the two "alternatives" to lie close to each other, thereby rendering the the choice 
between the 'Teal nonnal" and the "alternatives" more difScult. Other considerations would 
lead to choosmg the two positions not too far from each other. 

Figures 4 and 5 illustrate overall measuring arrangements for a single source 
5 position with respect to a rotary-symmetric implant object 66. It is understood that the 
implant would have no symmetry other than the rotary symmetry. In Figure 4. source 60 
emits a divergent beam of X-Rays 62 such as emitted by an approximately point-sh^ed 
source, along axis 64 towards the implant 66. Ihis beam wiU cause a shadow 72 of the 
implant object 66 to appear on detector imagmg plane 68. The detection again has a two- 
10 dimensional organization. Now. the implant object 66 itself has been indicated as a black 

cylinder with a grey end plane. The axis 70 of rotary symmetry fomis an angle a with respect 
to fixe plane 58 that is perpendicular to the viewing direction, and which in the situation 
shown is both perpendicular to axis 64 and parallel to detector plane 68. The axis of 
symmetry need not He m the plane of the drawmg, but by itself this will not represent a 
problem. Note in particular, that the axes and also the labels of the various angles m this 
Figmre are not related to those specified earh« with respect to Hgures 1 and 2. 

hi Figure 5. the relative orientation of implant object 66 has been minored 
with respect to the plane 58 that is perpendicular to the viewmg direction, the axis of 
sjomnetry now being labeled 72. The new orientation leads to a new angle ^ between plane 
58 and symmetry axis 72. Due to the substantiaUy paraUel orientation of the X-Rays near the 
relatively smaU implant object, the two shadows 72. 73 wiU be substantially identical. The 
mventor has also m this case recognized that fliis will render a determination of the pose of 
unplant object 66. even as based on the CAD model thereo and just one of these two 
orientations either impossible, or at best, inaccurate, hx fact, either outcome would be equaUy 
25 probable. «iu<my 

Figure 6 illustrates an overall measuring arrangement for dual source positions 
76. 78. with respect to the rotary symmetric hnplant object 66. fliat has again been shown in 
the position of Figure 4. together with its real axis 70. Fii« source position 76 will produce 
shadow 92 on detector plane 68b. and will lead to concludmg of either real axis 70 or 
mirrored axis 68 of the hnplant object. The two orientations he at angles ±^ wifla respect 1o 
plane 82 that is perpendicular to Ime 78 which comxects the origin 76 of the X-Ray source 
with roughly the center of gravity of shadow 92. Likewise, second soun« position 78 will 
produce a shadow 90 on detector plane 68b. and will lead to concludmg of eith^real axis 70 
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6 12.12.2002 
or mirrored axis 88 of fhe implant object, again restricting to the plane of the drawing, as 
discussed above. Here, the two orientations lie at angles ± Ywith respect to plane 84 that is 
perpendicular to line 80 which connects the origin of X-Ray source 78 with roughly the 
center of gravity of shadow 90. The above will again lead to unison among the two predicted 
5 poses of implant object 66. The person skilled in the art will know how to select a suitable 
displacement between source positions 76 and 78, generally as based on similar 
considerations as those given above with respect to Figure 3. 

Next to tibe cases of symmetry considered supra, the implant could also have 
both a rotary symmetry and also a mirror symmetry, such as v/hen Figures 4 througjii 6 would 

10 indeed relate to a round bar, a double cone, or flie like. In that case there would exist various 
mirrored poses tibat would result in the same shadow when taking only a single shadow. The 
problem is solved by taking the steps discussed above for the more simple cases of symmetry 
together, and then deciding among the various poses that were possible in principle. For 
example, three or even four X-Ray source positions could then be taken to reach the eventual 

IS decision. 

Figure 7 illustrates a flow chart embodiment of the procedures according to 
fhe invention. Generally, the ^paratus for manipxdating the X-Ray source relative to the 
human or animal body under consideration can be conventional, and will in consequence not 
be discussed furflier. Also, such elements as are necessary to derive the shadows in the 

20 respective positions of the source relative to the body could be taken from an extensive patent 
and other litterature. Therefore, only the data processing procedure will be considered 
hereinafter. Now, in block 100, the necessary hardware and software facilities are assigned. 
In block 102, the necessary parameter values are specified, that will rate fhe distance from the 
source to the imaging plane, the two source positions with respect to each other, and possibly 

25 also with regard to an expected pose of the implant. For the latter, usually an approximate 
value will be known. 

If also the best values for the measurements locations have to be foimd 
expCTimentally, this will be done by correlating the shadow properties along the translation 
direction of the source, supposing that the implant object remains stationary. This additional 

30 feature has not been considered in further detail herein, however. 

Next, in block 104, a measurement #i is taken, either on-line, or off-line from 
a data base that had been produced earlier. From such measurement, in block 106, the 
possible orientations of the implant are calculated, taking into account the CAD model of the 
implant in question, hi block 108, the syst^ finds whether a further measurement result is 
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necessary. If so (Y), revert to block 104. If such fiirther measurement is not necessary (N), in 
block 1 10 two such measurements are correlated, which yields the orientation angle. If 
necessary, such coirelation can be repeated with other measured values. If stiU further 
orientation information is necessary, the system reverts to block 104. If the orientation is not 
yet sufiBdently known (N in block 1 12), the system reverts once more to block 104. If ifae 
outcome is sufficiently, however (Y in block 1 12), the system goes to block 1 14, whilst 
relinquishing assigned facilities as &r as relevant. 

The calculation as discussed above may restrict to just two measurements 
whilst making only one correlation, or to a larger number of measurements whilst using 
statistical procedures to attain smaUer errors through limiting statistical spreads, and the hke. 

Now, the present invention has hereabove been disclosed with reference to 
preferred embodiments thereof Persons skiUed in the art wiU recognize that numerous 
modifications and changes may be made thereto without exceeding the scope of the appended 
Clahns. In consequence, tiie embodunents should be considered as being illustrative, and no 
restriction should be constiiied from those embodiments, other than as have been recited in 
the Claims. 
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A method for detenmning apose of an implant object that is located inside a 
human or animal body, on the basis of a CAD model of that implant object through a 
reconstraction X-Ray procedure viz i viz flie implant object. 

said method being characterized by comprising for an implant object that has a 
degree of symmetry according to an ^-dimensional structure of symmetry the steps of: 

generating a first measurement configuration and a second measurement • 
configmation regarding an X-Ray somce and a prespecified implant object position, and 
generating a first and a second implant shadow, respectively, 

assuming for each said first and second measurement configuration an 
instance of said «-dimensional stracture of symmetry; 

calculating for each of said first and second measurement configuration from 
said shadow apair of alternative poses of said implant object as being symmetrical with 
respect to said «-dimensional structure; 

and finding among said pairs of alternative poses two matching poses that 
thereby produce an angle information with respect to said «-dimensional structure of 
synmietry of said implant object. 

2. A method as claimed in Claim 1. wherein said «-dimensional structure of 

minor symmetry is a plane. 



3. A method as clahned in Claim 1. wherein said «-dimensionaI structure of 
symmetry is a straight line. 

4. A method as clahned ux Claim 3. wherein said straight line is an axis of rotary 
25 symmetry of said implant object 

5. An apparatus being arranged for implementing a method as claimed in Clahn 



1 for determining a pose of an nnplant object that is located inside a human 



or animal body. 
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on the basis of a CAD model of that implant object through a reconstruction X-Ray 
procedure viz ^ viz the implant object, 

said apparatus comprising for an inq>lant object that has a degree of symmetry 
according to an W-dimensional structure of symmetry the following facilities: 
5 a measuring facility for generating a first measurement configuration and a 

second measurement configuration regarding an X-Ray source and a prespecified implant 
object position, and for generating a first and a second implant shadow, respectivelj^ 

data processing means for through assuming for each said first and second 
measurement configuration an instance of said ^[-dimensional structure of symmetry and 
1 0 calculating for each of said first and second measurement configuration &om said shadow a 
pair of altemative poses of said implant object as being symmetrical with respect to said n- 

dimensional stmcture; 

and matching means for finHmg among said pairs of alt^iative poses two 

matching poses that thereby produce an angle information with r^pect to said ^-dimensional 

1 5 stracture of symmetry of said implant object 



PHNL021264EPP 



) 



12.12.2002 

ABSTRACT: EPO - DG 1 

1 8. 12. 2002 



A method for detennining apose of an implant object that is located inside a 
human or animal body uses a CAD model of that implant through a reconstruction X-Ray 
procedure that enconq,asses a Ixanslation-reconstruction run of the X-Ray arrangement viz k 
viz the implant object. 

In particular, the method being comprises for an implant object that has a 
degree of symmetry according to an «-dimensional structure of symmetry the following. 

generating a first measurement configuration and a second measurement 
configuration regarding an X-Ray source and a prespecified implant position, and generating 
a first and a second implant shadow, rei^ectively; 

assuming for each first and second measurement configuration an instance of 
the tt-dimmsional structure of symmeh^ 

calculating for each of the first and second measurement configuration a pair 
of alternative poses of the implant object as being symmetrical with respect to the «- 
dimensional structure; 

and finding among the pairs of alternative poses two matching poses that 
thereby produce an angle information with respect to the «-dunensional structure of 
symmetry. 



Fig. 2 
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